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© Method and apparatus for improved SECAM encoding. 



© At present, the SECAM standard offers only a 
poor picture quality. The degradations in the pictures 
are numerous. One of the most disturbing artefact 
I concerns the cross talk between luminance and / 
( chrominance in thejransmission channel.^/ 
The presented invention allows a compatible modi- 
fication of the SECAM standard in order to introduce 
a pre- and postfiltering concept. By means of a 
\ cross colour detector at transmitter and receiver side J 
which is combined with a pre- and postfi Iter for 
suppressing high diagonal luminance frequency 
components and by__ a phase constrained FM 
r- _( modulator 20, a cross talk free signaj reprpduction } 
^ V with increased horizontal resolution can be achieved) 
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The present invention relates to a method and 
to an apparatus for improved SECAM encoding. 

Background 

At present, the SECAM standard offers only a 
poor picture quality. The degradations in the pic- 
tures are numerous. One of the most disturbing 
artefact concerns the cross talk between luminance 
and chrominance in the transmission channel. 
Compared to other TV standards SECAM has not 
been significantly improved since it was introduced 
as a third world-wide TV standard. 

Invention 

It is one object of the invention to disclose a 
method for improving the SECAM picture quality 
by means of a proper preprocessing at transmitter 
side. This object is reached by the method dis- 
closed in claim 1 . 

K is a further object of the invention to disclose 
an apparatus which utilises the inventive method. 
This object is reached by the apparatus disclosed 
in claim 7. 

It is partly impossible to eliminate the artefacts 
mentioned above by digital signal processing only 
at receiver side. In PAL and NTSC a solution for a 
sensible Y/C separation is a more or less straight- 
forward due to the frequency combing of the lu- 
minance and the encoded chrominance. On con- 
trast, the FM modulation of the chrominance sig- 
nals in the SECAM standard has been an insur- 
mountable obstacle for an improved Y/C separation 
in the past. In more detail, the "unpredictable" 
frequency allocation of the FM modulated chromin- 
ance signals and the missing phase correlation with 
the neighbouring lines makes impossible a proper 
pre- and postfiltering in order to avoid cross talk 
effects. Only if there is a chance that all frequency 
regions can be unambiguously allocated to the 
luminance and the FM modulated chrominance sig- 
nals, a pre- and postfiltering concept becomes sen- 
sible. In principle, the problem of the Y/C separa- 
tion is solved, if different frequency regions in the 
spatio-temporal frequency spectrum can be allo- 
cated to the luminance and the FM modulated 
chrominance. Unfortunately, these regions are 
more or less defined by the SECAM standard and 
they overlap each other to great deal. A major 
change in the frequency allocation is therefore not 
possible for compatibility reasons. Consequently, 
the proposed modification may only affect the stan- 
dard in cases in which the standard decoder in the 
receiver supplies anyhow unacceptable results or 
does not make any use of the transmitted informa- 
tion. This holds especially for the cross colour 
artefacts. 



The most important point in the processing 
chain of the SECAM standard, determining the 
frequency allocation of the encoded chrominance, 
is represented by the FM modulator (see the ex- 

5 ample for a conventional SECAM encoder in Fig. 
1). Itself can be decomposed into a weighted (tem- 
poral) integrator of the input signal - here, chromin- 
ance signals D r and D b - and a cosine function 
realised by a LUT (look-up-table). Between these 

10 two processing blocks one can find the current 
phase of the FM modulated signal (FM subcarrier). 
This signal plays an important role in the invention. 

Under the assumption that periodical patterns 
consisting of high spatial frequency components of 

is luminance (this could be a striped shirt or a fence 
in the background of a picture) normally do not 
contain somewhat smaller spatial chrominance fre- 
quency components, these spatial chrominance 
frequency components can be set to zero. In a 

20 system with a proper chrominance prefiltering this 
will be done anyway by the prefilter. The con- 
sequence would then be in the ideal case, that the 
frequency of the FM modulator output signal will be 
constant in these regions, and since the absolute 

25 phase of the FM subcarrier for a certain pixel has 
no direct influence on the decoded chrominance 
signals, the phase can be changed smoothly at the 
beginning and the end of the pattern in such a way 
that the FM subcarrier gets a defined structure in 

30 vertical direction. This would help to find and facili- 
tate a respective selection process (postfiltering) 
for the chrominance or luminance in the receiver. 

Consequently, the frequency region occupied 
by this special structure has to be reserved only for 

35 the FM modulated chrominance signals, the lu- 
minance must not be transmitted in the same fre- 
quency region. Advantageously, this corresponds 
to the preferred pre- and postfiltering concept. Fur- 
thermore, it is conceivable that the FM modulated 

40 chrominance signals describe exactly the periodical 
pattern which is intended to be transmitted in the 
luminance channel. In this case, the decoder would 
not be possible to make a difference between the 
luminance and the FM modulated chrominance and 

45 therefore produce a strong cross talk. Here again a 
measure has to be taken in the proposed FM 
modulator to avoid this event. The critical chromin- 
ance signals leading to these patterns are again 
more or less constant in a certain picture area and 

so it would therefore also be possible to modify the 
phase of the FM subcarrier in such a way that it 
will not be mis-interpreted by the decoder. 

In principle the inventive method consists in 
improved SECAM encoding, wherein a FM modula- 

55 tor modulates chrominance signals on colour car- 
riers, comprising the following steps: 

- said chrominance signals are temporally in- 
tegrated and combined with a modified phase 
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correcting signal and then control digitally 
modulation means which output FM modu- 
lated chrominance signals; 

- the combined chrominance signals are de- 
layed by two lines and phase shifted by an 
amount of -n\ 

- the temporally integrated chrominance sig- 
nals are subtracted from the delayed and 
phase shifted combined chrominance signals 
and form a phase correcting signal; 

- this phase correcting signal and an input sig- 
nal 'zero' are soft switched under the control 
of cross colour detector means which operate 
on the luminance of the SECAM signal, 
wherein the soft switching output is said 
modified phase correcting signal. 

Advantageous additional embodiments of the 
inventive method are resulting from the respective 
dependent claims. 

In principle the inventive apparatus for im- 
proved SECAM encoding, wherein a FM modulator 
modulates chrominance signals on colour carriers, 
comprises: 

- temporal integrator means and subsequent 
combining means in which said chrominance 
signals are temporally integrated and com- 
bined with a modified phase correcting signal 
and then control digitally modulation means 
which output FM modulated chrominance sig- 
nals; 

- delay means and phase shift means in which 
the combined chrominance signals are de- 
layed by two lines and phase shifted by an 
amount of n\ 

- subtracting means in which the temporally 
integrated chrominance signals are subtract- 
ed from the delayed and phase shifted com- 
bined chrominance signals and form a phase 
correcting signal; 

- soft switch means in which this phase cor- 
recting signal and an input signal 'zero 1 are 
soft switched under the control of cross col- 
our detector means which operate on the 
luminance of the SECAM signal, wherein the 
output signal of said soft switch means is 
said modified phase correcting signal. 

Advantageous additional embodiments of the 
inventive apparatus are resulting from the respec- 
tive dependent claims. 

Drawings 

Preferred embodiments of the invention are 
described with reference to the accompanying 
drawings, which show in: 

Fig. 1 known SECAM encoder; 
Fig. 2 inventive FM modulator with con- 
strained phase relationships; 



Fig. 3 principle of cross colour detection and 
subcarrier retrieval. 

Preferred embodiments 

A matrix 11 in Fig. 1 receives RGB signals and 
outputs the luminance signal Y and the chromin- 
ance signals R-Y and B-Y. Signal Y passes either 
through a notch filter 12 or a processing time 
match delay 13, one output of which is connected 
(represented by switch 14) to the first input of an 
adder 15 which outputs the coded SECAM signal. 
The chrominance signals R-Y and B-Y are band 
limited to 1.4MHz in respective lowpass filters 161 
and 162 and line alternately fed via an electronic 
switch ES1 to a video pre-emphasis circuit 164, the 
output of which passes through a limiter 165, an 
FM modulator 166, a high-frequency pre-emphasis 
circuit 167 and a blanking inserter 168 (receiving 
the blanking information BL) and is added in adder 
15 to the filtered/delayed Y signal together with the 
sync signal S. 

The sync signal S is also fed to a frequency divider 
171 generating half the line frequency fl, to a first 
quartz band filter 172 having a center frequency of 
282*fl (red) and to a second quartz band filter 173 
having a center frequency of 272*fl (blue). The 
output of filters 172 and 173 are line alternately fed 
via an electronic switch ES2 to a AF-discriminator. 
Switches ES1 and ES2 are controlled by the output 
of frequency divider 171 . 

The output signal of the FM modulator 166 is fed 
to the second input of the AF-discriminator, gated 
by a gate circuit 176 at the beginning of the lines 
and using a respective gate signal H c - The output 
signal of circuit 176 represents the restored colour 
frequency. By the control voltage U r (DC), repre- 
senting the difference between the output frequen- 
cies of switch ES2 and circuit 176, the AF-discrimi- 
40 nator controls FM modulator 1 66. 

(The modified FM_ modulator 20 in Fig/ 2 HIust3 
trates the inventive processing of the FM modulator 
166 with constrained phase relation ship. Advanta- 
geously, this FM modulator 20 works together with 
a luminance prefirter 21 incorporated in a standard 
SECAM encoder. 

The SECAM encoder of Fig. 2 is a digital one in 
order to allow a precise manipulation of the subcar- 
rier phase which will be described below. 
I The luminance prefilter 21 (input signal Y, output/ 
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signal Y") inserted in the luminance path of the 
SECAM encoder suppresses high diagonal spatial 
Jrequencjes, which will on one hand not have a 
significant influence on the total picture quality due 
to the oblique effect and on the other hand allow to 
reserve a frequency region mostly occupied by the 
FM modulated chrominance signals. 
A certain risk for the emergence of cross colour is 
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therefore only given by high horizontal frequency 
patterns.^ A bandpass filter 22 at the output of j 
prefilter 21 „ the width of which is corresponding to 
the bandpass filter width in SECAM decoders, is > 
used in combination with a subsequent cross col- j 5 
^our detector 23 to select and detect these fre^ 
quency components. The output signal of this 
cross colour detector controls via a maximum value 
circuit 252 a soft switch 253 which operates on a 
phase correcting signal A$ described below. 10 
The incoming chrominance signals D r and D b , re- 
spectively (corresponding to signal U r .in Fig. 1), of 
the FM modulator 20 are at first subjected to a 
temporal integration circuit 24, representing the 
first stage of a conventional FM modulator. After a 15 
delay t in a delay circuit 258 and after the super- 
position of a modified phase correcting signal tf> m in 
an adder 259 the temporally integrated chromin- 
ance signal enters a cosine look-up table 26 (LUT) 
which completes the FM modulation process (out- 20 
put signal FM). 

Prior to cosine LUT 26, the signal is taped by 
feeding it back over a two-line delay 257 with a 
delay time of 2*H-t. This delay is necessary to 
carry out the phase manipulation on the same 25 
chrominance component only and not to mix up 
both components. In a subsequent phase shifter 
255 a phase of 4> 0 = w is added. In a subtractor 
254 the output signal of temporal integration circuit 
24 is subtracted from the output signal of shifter 30 
255, thereby creating the phase correcting signal 
A<f> to be controlled by the soft switch 253 men- 
tioned before. The second input of soft switch 253 
is connected to ground- 
in order to avoid phase jumps in the FM modulated 35 
signal, the correcting signal at the output of switch 
253 has to be strongly smoothed by a lowpass 
filter 256 which causes a delay of r. The resulting 
signal forms the modified phase correcting signal 
4> m , which also should settle down to zero (using 40 
soft switch 253) outside the detected cross colour 
region or in the transition region of the chromin- 
ance signal. 

On the other hand, if no potential cross colour is 
detected and the FM modulator describes a pe- 45 
riodical pattern which corresponds to a potentially 
transmitted luminance signal, the resulting phase 
has to be manipulated in the same way. Therefore, 
the soft switch 253 is then controlled by an equal 
phase detector 251 comparing the current phase 50 
coming from integrator 24 to the phase two video 
lines before at the output of delay 257. 

At receiver side, in principle, a SECAM de- 
\_ coder with improved Y/C separation can be used } 
as is described in EP-A-92403066, but this decoder 55 
can only detect cross colour if the amplitude of the 
luminance pattern exceeds the amplitude of the FM 
subcarrier. If the amplitude of the luminance pat- 



tern is of the same order as the FM subcarrier, no 
safe decision can be made. The cross colour de- 
tector is therefore disabled. Together with the in- 
ventive pre-processing of the phase in the FM 
modulator the detector range of the cross colour 
detector in the SECAM decoder can be signifi- 
cantly increased. That means, in case of ideal 
transmission conditions cross colour could be de- 
tected as soon as a high frequency luminance 
pattern is transmitted. 

Fig. 3 will illustrate this principle with an exam- 
ple of three succeeding lines n-2, n and n + 2 of the 
same encoded chrominance component. The lu- 
minance signal 31 and the FM subcarrier 32 are 
shown. Evidently, a lowpass filtering 33 having e.g. 
the coefficients (1,0,2,0,1) supplies only the lu- 
minance component and allows therefore a precise 
cross colour detection, while a high-pass filtering 
34 using e.g. the coefficients (-1,0,2,0,-1) allows a 
luminance suppression in connection with a correct 
FM subcarrier selection. The SECAM decoder will 
also need a postfilter in the luminance branch for 
suppressing the high diagonal frequency compo- 
nents which carry the chrominance information. 

The presented invention allows a compatible 
modification of the SECAM standard in order to 
introduce a pre- and postfiltering concept. By 
means of a cross colour detector at transmitter and 
receiver side which is combined with a pre- and 
postfilter for suppressing high diagonal luminance 
frequency components and by a phase constrained 
FM modulator 20, a cross talk free signal reproduc- 
tion with increased horizontal resolution can be 
achieved. 

Claims 

1, Method for improved SECAM encoding, 
wherein a FM modulator (166, 20) modulates 
chrominance signals (D r , D b ) on colour carriers, 
characterised in the following steps: 

- said chrominance signals (D r , D b ) are 
temporally integrated (24) and combined 
(259) with a modified phase correcting 
signal (<f> m ) and then control digitally 
modulation means (26) which output FM 
modulated chrominance signals (FM); 

- the combined (259) chrominance signals 
are delayed (257) by two lines and phase 
shifted by an amount of n\ 

- the temporally integrated (24) chromin- 
ance signals are subtracted (254) from 
the delayed (257) and phase shifted 
(255) combined chrominance signals and 
form a phase correcting signal (A<fr); 

- this phase correcting signal and an input 
signal 'zero' are soft switched (253) un- 
der the control of cross colour detector 
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means (23) which operate on the lumi- 
nance (Y) of the SECAM signal, wherein 
the soft switching output is said modified 
phase correcting signal (£ m ). 

2. Method according to claim 1, characterised 
in that said soft switching (253) is also con- 
trolled by equal phase detector means (251), 
the input signals of which are said temporally 
integrated (24) chrominance signals and said 
delayed (257) and combined (259) chromin- 
ance signals. 

3. Method according to claim 1 or 2, charac- 
terised in that said modified phase correcting 
signal (<J> m ) is lowpass filtered (256), whereby 
phase jumps are removed. 

4. Method according to any of claims 1 to 3, 
characterised in that said luminance signal 
(Y) is bandpass filtered (22) prior to entering 
said cross colour detector means (23). 

5. Method according to any of claims 1 to 4, 
characterised in that said luminance signal 
(Y) is prefiltered (21) by suppressing high diag- 
onal spatial frequencies. 



- soft switch means (253) in which this 
phase correcting signal and an input sig- 
nal 'zero 1 are soft switched under the 
control of cross colour detector means 
5 (23) which operate on the luminance (Y) 

of the SECAM signal, wherein the output 
signal of said soft switch means is said 
modified phase correcting signal W> m ). 

io a Apparatus according to claim 7, characteris- 
ed in that said soft switch means (253) are 
also controlled by equal phase detector means 
(251), the input signals of which are said tem- 
porally integrated (24) chrominance signals 

15 and said delayed (257) and combined (259) 

chrominance signals. 

9. Method according to claim 7 or 8, charac- 
terised in that said modified phase correcting 

20 signal (<f> m ) is filtered in lowpass filter means 

(256), whereby phase jumps are removed. 

10. Apparatus according to any of claims 7 to 9, 
comprising bandpass filter means (22) in which 

25 said luminance signal (Y) is bandpass filtered 

prior to entering said cross colour detector 
means (23). 



6. Method according to any of claims 1 to 5, 
characterised in that in a subsequent 30 
SECAM decoding a postfiltering with a char- 
acteristic corresponding to said pref iltering (21 ) 

is carried out. 

7. Apparatus for improved SECAM encoding, 35 
wherein a FM modulator (166, 20) modulates 
chrominance signals (D r , D b ) on colour carriers, 
related to a method according to any of claims 

1 to 6, and comprising: 

- temporal integrator means (24) and sub- ao 
sequent combining means (259) in which 

said chrominance signals (D r , D b ) are 
temporally integrated and combined with 
a modified phase correcting signal (<t> m ) 
and then control digitally modulation 45 
means (26) which output FM modulated 
chrominance signals (FM); 

- delay means (257) and phase shift 
means (255) in which the combined (259) 
chrominance signals are delayed by two so 
lines and phase shifted by an amount of 

- subtracting means (254) in which the 
temporally integrated (24) chrominance 
signals are subtracted from the delayed 55 
(257) and phase shifted (255) combined 
chrominance signals and form a phase 
correcting signal (A<fr); 



11. Apparatus according to any of claims 7 to 10, 
comprising pre-filter means (21) in which said 
luminance signal (Y) is pre-filtered by sup- 
pressing high diagonal spatial frequencies. 
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